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(54) Thermal insulator cabinet and method for producing the same 



(57) The present invention provkies a thermal insu- 
lator cabinet (1) liaving high thermal insulating ability 
and long-term reliability as well as excellent energy-sav- 
ing and maintenance properties. The thermal insulator 
cabinet (1) includes a gas-tight container (2) that is filled 
witii a charging gas and a continuous spacing core (3) 
and a gas-storage container (4) that communicates with 
the gas-tight container (2) and is filled with an atDSorbent 
(5) for absorbing at least the charging gas» wherein the 
gas-storage container (4) absorbs the charging gas to 
make inside of the gas-tight container (2) a state of 
reduced pressure. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a thermal Insulator 
cabinet applicable for refrigerators, freezers. Insulating 
containers, and storage containers as well as to a 
method of manufacturing the same. 

Development of high-performance apparatus and 
equipment has been required for the energy-saving pur- 
pose. Improvement in performance of thermal insula- 
tors by the vacuum insulating technique is essential to 
improve the performance of thermal insulator cabinets. 

Vacuum Insulating panels are a typical example of 
vacuum insulators used for refrigerators. The vacuum 
insulating panel is manufactured by covering a continu- 
ous-spacing core member, such as open-cell hard ure- 
thane foam, with a gas-barrier metal-plastic laminate 
film and evacuating and packing the covered core (fbr 
example, Japanese Laid-Open Patent Publication Hei 
7-293785). The vacuum insulating panel is further proc- 
essed to have a double structure when being applied to 
the thermal insulator cabinet of. for example, refrigera- 
tors. The process sticks the vacuum insulating panels to 
a container of the cabinet and injects an expandable 
urethane resin for foam molding. 

Another technique applied to manufacture the vac- 
uum insulator cabinets is evacuation (for example, Jap- 
anese Laid-Open Patent Publication Hei 6-174186 and 
7-148752). The thermal insulator cabinet is filled with 
the material having a closed-cell structure or a continu- 
ous-spacing structure and evacuated with a vacuum 
pump. In another example, a vacuum indicator is used 
to monitor a variation in thermal insulating performance 
with time and carry out evacuation according to the 
requirements (Japanese Laid-Open Patent Publication 
Hei 7-148752). 

The foam molding process may be applied to con- 
trol the gas constituents in the cells, which affect the 
thermal insulating ability of expanded insulators, and 
manufacture the vacuum insulators (for example, Japa- 
nese Laid-Open Patent Publication Hei 7-53757 and 7- 
53769). In these proposed methods, a cartxsn dioxide- 
fixing agent is added to the resin material. The cait>on 
dioxide-fixing agent fixes cartx)n dioxide existing in the 
cells in the cartx)n dioxide-blown resin insulators, so as 
to reduce the pressure in the cells or evacuate the cells 
and improve the thermal insulating ability. 

A typical procedure of manufacturing the vacuum 
insulating panel discussed above prepares a block of 
open-cell hard urethane foam, cuts the block into a core 
of an arbitrary size, and packs the core in vacuo. The 
vacuum insulating panels should be manufactured sep- 
arately before being combined with standard expanded 
insulators. This also requires the process of sticking the 
vacuum insulating panels to the container of the thermal 
insulator cabinet. It is accordingly not preferable from 
the viewpoints of productivity, workability, and cost. 



Since the vacuum insulating panels are corT4)ined with 
expanded insulators, there is inevitably a part of the sur- 
face of the thermal insulator cabinet not covered with 
the vacuum insulating panel. This causes deterioration 
5 of the vacuum insulating ability. The vacuum insulating 
panels do not have any means fbr recovering the wors- 
ened degree of vacuum of the vacuum insulating panels 
with time. This lowers the thermal insulating ability and 
causes the poor long-term reliability. 

10 Unlike the manufacturing method with the vacuum 
insulator panels, the method of manufacturing a thermal 
Insulator cabinet by the evacuation technique does not 
require the separate nianufacturing process or the stick- 
ing process, but enables the whole cabinet to be set in 

75 the vacuum insulating state. This method, however, 
requires a vacuum pump for evacuation and a long-time 
evacuation is essential for the sufficient degree of vac- 
uum. This results in the poor productivity. In order to 
maintain the thermal insulating ability over time, the 

20 evacuation with a vacuum pump shouM be continued or 
otherwise carried out repeatedly based on the moni- 
tored degree of vacuum. This causes the poor workabil- 
ity and the poor long-term reliability. 

The method of foam molding the vacuum insulators 

25 has excellent productivity and ensures the long-term 
reliability by fixation of carbon dioxide. Addition of the 
carbon dioxide-fixing agent to the resin material may 
cause fixation of carbon dioxide to start before the resin 
is completely blown with cartx)n dioxide. This may result 

30 In contraction of the foamed resin that has not yet been 
completely cured. An increase in amount of cart)on 
dioxide to prevent this problem increases the required 
amount of the cartx>n dioxide-fixing agent and lowers 
the productivity. 

35 

SUMMARY OF THE INVENTION 

The object of the present invention is thus to solve 
the above problems and provide a thermal insulator 
40 cabinet having high thermal insulating ability arxJ long- 
term reliability as well as excellent productivity and cost 
performance. 

The present invention provides a thermal insulator 
cabinet comprising 

45 

a gas-tight container that is filled with a charging 
gas and a continuous spacing core and 
a gas-storage container that communicates with 
the gas-tight container and is filled with an absorb- 
so ent fbr absori^ing at least the charging gas. 

wherein the gas-storage container absorbs 
the charging gas to make inside of the gas-tight 
container in a state of reduced pressure. 

55 In accordance with one preferable nnode of the 
present invention, the thermal insulator cabinet further 
comprises a thermal system for carrying out a heat 
exchange with the gas-tight container. 



2 



3 



EP0 860 669A1 



4 



The thermal insulator cabinet of the present inven- 
tion preferably has at least either one of the following 
structures. In one preferable structure, the absorbent Is 
a physical absorbent and the gas-storage container is 
constructed to carry out a heat exchange with a heat- 
absoibing portion of the thernial system. In another 
preferable structure, the absorbent is a chemical 
absorbent and the gas-storage container Is constructed 
to carry out a heat exchange with a heat-discharging 
portion of the thermal system. 

The thermal insulator charged in the gas-tight con- 
tainer of the thermal insulator cabinet preferably has a 
continuous-spacing structure. It is preferable that a 
mean gap distance of the continuous-spacing core in 
the charged state is not greater than a mean free path 
of the charging gas at 20 ""C and 1/100 atmospheric 
pressure. 

Favorable examples of the thermal system include 
a cooling system with a compressor and a cooling sys- 
tem by a thermoelectric transducer. 

The present Invention is also directed to a method 
of manufacturing a thermal insulator cabinet, the 
method comprising the steps of: 

charging a continuous-spacing core into a gas-tight 
container with a charging gas; and 
introducing the charging gas into a gas-storage 
container, which is arranged to communicate with 
the gas-tight container, and causing the charging 
gas to be absorbed by an absorbent in the gas-stor- 
age container, thereby making the gas-tight con- 
tainer in a state of reduced pressure. 

It is preferable that the gas-tight container commu- 
nicates with the gas-storage container by an on-off 
valve or a gas-permeable material. 

In accordance with one preferable mode of the 
method of the present invention, the step of charging 
the continuous-spacing core comprises the steps of: 

injecting an urethane material that comprises at 
least a polyol, water, and an isocyanate into the 
gas-tight container: and 

charging a water-blown open-cell urethane resin 
into the gas-tight container with cart)on dioxide pro- 
duced through a reaction of the urethane material, 
and 

the gas storage step comprising the step of: 
causing carbon dioxide to be absorbed by the 
absorbent in the gas-storage container. 

In accordance with another preferable mode of the 
present invention, the step of charging the continuous- 
spacing core comprises the step of enclosing a pow- 
dery material into the gas-tight container with the charg- 
ing gas. 

In accordance with still another preferable mode of 
the present invention, the step of charging the continu- 



ous-spacing core comprises the steps of: 

injecting an expandable particle material, which 
includes a blowing agent and is either non-proc- 
5 essed or preliminary expanded, into the gas-tight 
container; and 

heat treating the expandable particle material with 
steam to an expanded particle substance and 
charging the continuous-spacing core conposed of 
10 the expanded particle substance into the gas-tight 
. container, and 
the gas storage step comprising the step of: 
causing the remaining steam to be absorbed by the 
absorbent in the gas-storage container. 

IS 

It is preferable that the gas-storage container is 
filled with the absorbent of the charging gas and a mix- 
ture of absorbents of the constituents of the air, that is, 
nitrogen, oxygen, carbon dioxide, and steam. 

20 The present invention provides a thermal insulator 
cabinet having excellent productivity and thermal insu- 
lating ability as well as long-term reliability of the ther- 
mal insulation. 

While the novel features of the invention are set 

2S forth particularly in the appended claims, the invention, 
both as to organization and content, will be better 
understood and appreciated, along with other objects 
and features thereof, from the following detailed 
description taken in conjunction with the drawings. 

30 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

Fig. 1 is a cross sectional view illustrating a thermal 
35 insulator cabinet as a first embodiment according to 
the present invention; 

Rg. 2 schematically illustrates structure of a gas- 
storage container when carbon dioxide is used as a 
charging gas in the first embodiment of the present 

40 invention; 

Rg. 3 is a cross sectional view illustrating another 
thermal insulator cabinet as a second embodiment 
according to the present invention; 
Rg. 4 is a cross sectional view illustrating still 

45 another thermal insulator cabinet as a third errtol- 
iment according to the present invention; 
Rg. 5 is a cross sectionai view illustrating a thermal 
insulator cabinet for the refrigerating purpose as a 
fourth embodiment according to the present inven- 

50 tion; 

Rg. 6 is a cross sectional view illustrating a thermal 
insulator cabinet for the heat insulating purpose as 
a fifth embodiment according to the present inven- 
tion; and 

55 Rg. 7 is a cross sectional view illustrating another 
thermal insulator cabinet as a sixth embodiment 
according to the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

In the thermal insulator cabinet of the present 
invention, the gas-tight container f illecl with the thermal 
insulator is in the state of reduced pressure, which real- 
izes vacuum insulation. Since the gas-storage container 
filled with the gas-absorbing material communicates 
with the gas-tight container, the gases existing in the 
gas-tight container and the newly evolved gas conpo- 
nents are kept In the gas-storage container. This makes 
the gas-tight container under reduced pressure. The 
structure of the present invention attains the vacuum 
insulation without evacuating the thermal insulator cab- 
inet with a vacuum pump, and keeps the state of 
reduced pressure and thermal insulating ability over a 
long time period. 

The present invention accordingly provides a tiier- 
mal insulator cabinet having excellent thermal insulating 
ability, productivity, and wakability. 

In accordance with one preferable structure, a ther- 
mal system is arranged to can-y out a heat exchange 
with the gas-storage container. The heat absorption into 
or the heat discharge from the thermal system 
enhances tiie absorbing capacity of tiie gas-absorbing 
material in the gas-storage container and efficientiy 
keeps the gas-tight container in the state of reduced 
pressure. When a physical absorbent is used as the 
gas-absorbing material, it is preferable that the gas-stor- 
age container is arranged to carry out a heat exchange 
with a heat-absorbing portion of the tiiermal system. 
This cools down the gas-storage container and 
improves the adsorbing capacity of the physical absorb- 
ent. When a chemical absorbent is used as the gas- 
absorbing material, it is preferable that the gas-storage 
container is arranged to carry out a heat exchange with 
a heat-discharging portion of the thermal system. This 
heats the gas-storage container and accelerates the 
chemical reactions of tiie chemical absorbent, thereby 
inrproving the fixation performance of the gas. The ther- 
mal insulator cabinet may have either one of or both of 
these structures. In practice, either one of the structures 
is selected, and the physical or the chemical absort)ent 
is combined witii a plurality of other gas-absorbing 
materials. 

The arrangement of tiie gas-storage container 
inside the thermal insulator cabinet, which is subjected 
to a heat exchange with the thermal system and kept in 
the conti'olled temperature, enhances tiie absorbing 
capacity of tiie gas-absorbing material in the gas-stor- 
age container and efficiently keeps the gas-tight con- 
tainer in tiie state of reduced pressure. 

The thermal insulator of continuous-spacing struc- 
ture charged in tiie gas-tight container of the thermal 
insulator cabinet depresses a pressure loss affecting 
the gas flow in the gas storage and thereby efficiently 
keeps tiie gas-tight container in the state of reduced 
pressure. 

Available examples of tiie tiiermal system include a 



cooling system with a compressor based on the princi- 
ple of compression, condensation, expansion, and 
evaporation, a cooling system with a thermoelectric 
transducer of Pelloutier effect based on the principle of 
5 heat absorption, and a heat insulating system based on 
the principle of heat discharge. The structure of the heat 
exchange between the thermal system and the gas- 
storage container can be designed arbitrarily according 
to the application of the thermal insulata cabinet 

10 The structure witii tiie thermal system gives tiie 
tiiermal insulator cabinet the energy-saving and mainte- 
nance effects. 

The mettiod of manufacturing such a thermal insu- 
lator cabinet according to the present invention exerts 

15 the following three effects from the viewpoints of pro- 
ductivity and workability, in addition to the excellent ther- 
mal insulating ability of the thermal insulator cabinet 
discussed above. 

The first effect is high productivity and workability, 

20 since charging the continuous-spacing core into the 
gas-tight container readily produces the vacuum insula- 
tor integrated witii the container. 

The second effect is excellent productivity and long- 
term durability of the vacuum insulating performance. 

25 since connection of the gas-tight container with tiie gas- 
storage container attains evacuation of the gas-tight 
container witiiout a vacuum pump. This enables the 
resulting tiiermal insulator cabinet to be substantially 
maintenance-free and have excellent workability. 

30 The third effect is to provkie the high-quality tiier- 
mal insulators with high productivity, which is realized by 
the separate anrangement of the gas-tight container and 
the gas-storage container. After the continuous-spacing 
core is charged into tiie gas-tight container with the 

35 charging gas to complete the fundamental structure of 
tiie thermal insulator, the charging gas is flown from tiie ^ 
gas-tight container to the gas-storage container for 
absorption via an on-off valve or a gas-permeable mate- 
rial. This efficientiy realizes tiie state of reduced pres- 

40 sure without causing contraction of the thermal 
insulators. 

In the tiiermal insulator cabinet of the present 
invention, the gas-storage container communicating 
witii the gas-tight container is disposed outside the tiier- 

45 mal insulator cabinet This anrangement facilitates the 
process of causing at least tiie charging gas to be 
absorbed by tiie gas-storage container and making tiie 
gas-tight container in the state of reduced pressure, 
after the continuous-spacing core is charged into the 

so gas-tight container with the charging gas according to 
tiie manufacturing method discussed above. The gas- 
storage container may, however, be disposed inside tiie 
thermal insulator cabinet. This arrangement also real- 
izes the excellent thermal insulating performance. The 

55 latter anrangement attains the effects of the present 
invention, aftiiough the workability and the free volume 
of the thermal insulator cabinet are reduced to some 
extent. 
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The following describes preferred embodiments of 
the present invention with accompanying drawings. 

First Embodiment 

Fig. 1 illustrates a thermal insulator cabinet 1 as a 
first embodiment according to the present invention. 
The thermal insulator cabinet 1 includes a gas-tight 
container 2 processed to a box-like shape and filled with 
a continuous-spacing core 3 to construct a thermal 
insulator. A gas-storage container 4 filled with an 
absorbing material 5 and a pipe 18 for connecting the 
gas-storage container 4 with the gas-tight container 2 
are disposed outside the thermal insulator cabinet 1 . 
The pipe 18 is provided with an on-off valve 6. 

A typical process of manufacturing the thermal 
insulator cabinet 1 first closes the on-off valve 6 and 
injects a material of the continuous-spacing core 3 from 
an inlet 12 formed in the gas-tight container 2. The inlet 
12 is kept open to discharge the air out of the gas-tight 
container 2, while enabling the material to be sufficiently 
charged into tiie gas-tight container 2 with tiie charging 
gas and form the continuous-spacing core 3. Tlie inlet 
1 2 is then closed and sealed. After the completion of tiie 
continuous-spacing core 3, the on-off valve 6 is opened, 
in order to cause the charging gas to be absorbed by 
the absorbing material 5 in the gas-storage container 4. 
This makes tiie gas-tight container 2 in the state of 
reduced pressure and gives the high-performance ther- 
mal insulator cabinet. The on-off valve 6 separates tiie 
charging process, the forming process, and the gas 
storage process from one another. 

When the continuous-spacing core 3 is, for exam- 
ple, water-blown open-cell uretiiane resin, an urethane 
material containing at least a polyol. water, and an iso- 
cyanate is injected into the gas-tight container 2. Car- 
bon dioxide produced through the reaction of the 
isocyanate witii water in tiie uretiiane material expands 
the urethane material to urethane foam, while charging 
the urethane foam into tiie gas-tight container 2. After 
the urethane foam is sufficlentiy heated and cured In 
this foaming process, the on-off valve 6 is opened. In 
this case, tiie gas-storage container 4 is filled with at 
least a carbon dioxide-fixing agent as the absorbing 
material 5. Carbon dioxide used as tiie charging gas is 
flown from the gas-tight container 2 to the gas-storage 
container 4 to be stored therein. This makes the gas- 
tight container 2 in tiie state of reduced pressure and 
completes the vacuum insulator cabinet. Addition of an 
antifbamer such as foam inhibitor, foam breaker and 
cell-interconnecting agent to the urethane material 
causes the urethane foam to have an open-cell struc- 
ture, which enables quick storage of carbon dioxide in 
the ceils into tiie gas-storage container 4. 

In another example, when the continuous^acing 
core 3 is a molded object of inorganic powder or organic 
power, it is required to densely enclose a powder mate- 
rial of the molded object in the gas-tight container 2 witii 



the charging gas. In this case, the powder material as 
well as the charging gas is pressed through the inlet 12 
into the gas-tight container 2. After the inlet 1 2 is sealed 
and tiie charging process is completed, the gas storage 
5 process is canried out to store the charging gas into the 
gas-storage container 4 and make tiie gas-tight con- 
tainer into the state of reduced pressure. This provides 
a vacuum insulator of excellent thermal insulating per- 
formance integrated with the container. 

10 It is preferable that the gas-storage contairier 4 is 
filled with the excess absorbing material 5, which is 
greater tiian tiie amount of the charging gas in the gas- 
tight container 2. This ensures the sufficient thermal 
Insulating performance not only at the time of manufac- 

75 ture but over a long time period. Addition of ak}sorbing 
materials for the remaining air and newly evolved gas 
components to the absorbing material 5 of the charging 
gas further enhances the above effects. 

In still another example, when tiie continuous-spac- 

so Ing core 3 Is an expanded particle substance, an 
expandable particle material, which includes a blowing 
agent and is eitiier non-processed or preliminary 
expanded, is charged into the gas-tight container 2. The 
expandable particle material is subjected to heat treat- 

25 ment with steam. The steam pressure and the pressure 
of the vaporized blowing agent cause the particles to 
sufficiently expand and fill the gas-tight container 2. 
Regulating tiie load of tiie expandable particle material 
or controlling the steam temperature causes the 

30 expanded particles to have a continuous-spacing struc- 
ture. In this case, the gas-storage container 4 is filled 
with at least a water absorbent as tiie absorbing mate- 
rial 5. This enables the steam used as the charging gas 
of tiie gas-tight container 2 to be stored into the gas- 

35- Storage container 4 and makes tiie gas-tight container 2 
in the state of reduced pressure. 

The cells in the expanded particles have a closed 
structure, which is filled witii tiie blowing agent and 
steam. Steam readily diffuses and passes through the 

40 cell wall of the expanded particles to be absort^ed by the 
gas-storage container 4. The cells of the expanded par- 
ticles are accordingly free from the steam of low thermal 
insulating performance and only filled witii the vapor- 
ized blowing agent of high thermal insulating perform- 

45 ance. This gives tiie excellent thermal insulating ability 
to tiie resulting thermal insulator cabinet 1. Addition of 
an absorbing material for tiie blowing agent to the gas- 
storage container 4 makes the vaporized blowing agent 
out of the closed cells of the expanded particles to attain 

so vacuum insulation. 

As dearly understood from the above discussion, 
use of a vacuum pump for the purpose of evacuation 
facilitates the charging process of tiie continuous-spac- 
ing core and the subsequent gas storage process. After 

55 the continuous-spacing core is charged into tiie gas- 
tight container 2, the gas-tight container 2 is evacuated 
for a short time period witii a vacuum pump. The 
remaining charging gas is tiien absorbed by the gas- 
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storage container 4, in order to make the gas-tight con- 
tainer 2 in the state of reduced pressure. This shortens 
the time period required for the gas storage and 
reduces the required amount of the absortsing material 
5 in the gas-storage container 4. 

Second Embodiment 

Fig. 3 illustrates structure of another thermal insula- 
tor cabinet 1 as a second embodiment according to the 
present invention. In this embodiment, heat exchange is 
carried out between a heat-absorbing portion of a ther- 
mal system with a compressor and a gas-storage con- 
tainer. 

The thermal Insulator cabinet 1 includes a gas-tight 
container 2 filled with a thermal insulator 3. a gas-stor- 
age container 4 disposed outside the thermal insulator 
cabinet 1 and filled with a gas-absorbing material 5, and 
a thermal system with a compressor 7. The gas-storage 
container 4 is connected to the gas-tight container 2 via 
a pipe 18 with an on-off valve 6. 

The thermal system includes the compressor 7 dis- 
posed outside the cabinet 1 , an evaporator disposed 
inside the cabinet 1, a conduit 10 connecting the com- 
pressor 7 with the evaporator 9. an intake conduit 1 1 to 
the compressor 7, a condensation pipe 8. and a capil- 
lary pipe 17. A coolant of high-temperature, high-pres- 
sure gas discharged from the compressor 7 discharges 
heat in the condensation pipe 8 to the coolant of high- 
pressure, over-cooled Iquid and goes through an 
expansion process, such as the capillary pipe 1 7 or an 
expansion valve, to the low-pressure two-phase cool- 
ant, which absorbs heat in the evaporator 9 and cools 
down the thermal insulator cabinet 1. The coolant then 
goes through the conduit 10 connecting with the evapo- 
rator 9 in the heat absorption state and exchanges heat 
with the gas-storage container 4 to the coolant of low- 
pressure heated gas, which is taken into the compres- 
sor 7. 

A physical absorbent is mainly used as the gas- 
absorbing material 5. The gas-storage container 4 filled 
with the absorbent is continuously cooled through the 
heat exchange with the thermal system. This structure 
enables the charging gas used for charging the thermal 
insulator into the gas-tight container 2, the air, and the 
organic-component gases newly evolved to be effi- 
ciently adsorbed by the absorbent and stored into the 
gas-storage container 4. This keeps the gas-tight con- 
tainer 2 in the state of reduced pressure over a long 
time period. 

* Third Embodiment 

Fig. 4 illustrates another thermal insulator cabinet 1 
as a third embodiment according to the present inven- 
tion, in which heat exchange is carried out between a 
heat discharging portion of a thermal system with a 
compressor and a gas-storage container. 



The differences of the thermal insulator cabinet 1 of 
the third embodiment from that of the second embodi- 
ment are that the conduit 10 is connected to the com- 
pressor 7 and that the condensation pipe 8 connecting 
. 5 with a discharge conduit 16 from the compressor 7 
exchanges heat with the gas-storage container 4. A 
coolant of high-temperature, high-pressure gas is dis- 
charged from the compressor 7 and discharges heat in 
the condensation pipe 8. which is subjected to a heat 

10 exchange with the gas-storage container 4, to the cool- 
ant of high-pressure, over-cooted liquid. The coolant 
goes through an expansion process, such as the capil- 
lary pipe 17, to the low-pressure, two-phase coolant, 
which absorbs heat in the evaporator 9 and cools down 

1$ the thermal insulator cabinet 1. The low-pressure 
heated gas coolant is eventually taken into the com- 
pressor 7. 

In this embodiment, a chemical absorbent is mainly 
used as the gas-absorbing material 5. The gas-storage 

20 container 4 filled with the chemical absorbent is contin- 
uously heated through the heat exchange with the ther- 
mal system to accelerate the chemical reaction. This 
structure enables the charging gas used for charging 
the thermal insulator into the gas-tight container 2. the 

25 air, and the organic-component gases newly evolved to 
be efficiently stored into the gas-storage container 4. 
This keeps the gas-tight container 2 in the state of 
reduced pressure over a long time period. 

In the second and the third embodiments, the 

30 anrangement of heat exchange between the gas-stor- 
age container and the thermal system depends upon 
the type of the gas-absorbing material. The arrange- 
ment of heat exchange is, however, not restricted to 
these combinations. By way of example, similar effects 

35 can be exerted in a modified structure that cools down 
or heats the gas-storage container by the combined use 
of a physical absorbent and a chemical absorbent. 
Excellent effects can also be assured in another modi- 
fied structure with two gas-storage containers. In this 

40 Structure, the first gas-storage container filled with a 
physical absorbent as the gas-absorbing material is 
subjected to a heat exchange with a heat absorbing por- 
tion of the thermal system, whereas the second gas- 
storage container filled with a chemical absorbent is 

45 subjected to a heat exchange with a heat discharging 
portion of the thermal system. 

Fourth Embodiment 

so Rg. 5 illustrates a thermal Insulator cabinet 1 for the 
refrigerating purpose, in which heat exchange is carried 
out between a heat absorbing portion of a thermal sys- 
tem by a thernfK>electric transducer. 

In this thermal insulator cabinet 1, a gas-tight con- 

55 tainer 2 is filled with a continuous-spacing insulator 3, 
and a gas-storage container 4 filled with a gas-absorb- 
ing material 5 is connected to the gas-tight container 2 
via a gas-permeable sheet IS. The thermal system 
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. used here takes advantage of a thermoelectric trans- 
ducer of Pelloutier effect including a heat absorting sec- 
tion 13 and a heat discharging section 14. The gas- 
storage container 4 is in contact with the heat absorbing 
section 13 for cooling the Inside of the thermal Insulator 
cabinet 1. The heat exchange between the gas-storage 
container 4 and the heat absorbing section 13 structure 
enables the charging gas used for charging the thermal 
insulator into the gas-tight container 2. the air. and the 
organic-component gases newly evolved to be effi- 
ciently stored Into the gas-storage container 4. This 
keeps the gas-tight container 2 in the state of reduced 
pressure over a long time period. 

Fifth Embodiment 

Fig. 6 illustrates a thermal insulator cabinet 1 for the 
heat insulating purpose, in which heat exchange is car- 
ried out between a heat absorbing portion of a thermal 
system by a thermoelectric transducer 

There are the following differences from the fourth 
embodiment. The thermal system heats the inside of 
the thermal insulator cabinet 1 by a thermoelectric 
transducer of Pelloutier effect including a heat absorb- 
ing section 13 and a heat discharging section 14. The 
gas-storage container 4 disposed outside the thermal 
insulator cabinet 1 is in contact with the heat absorbing 
section 13 also disposed outside the cabinet 1 for heat 
exchange. The gas-storage container 4 is connected to 
the gas-tight container 2 via a pipe 18 with an on-off 
valve 6. Like the fourth embodiment, the structure of the 
fifth embodiment keeps the gas-tight container 2 in the 
state of reduced pressure over a long time period. 

Sixth Embodiment 

Fig. 7 illustrates another thermal insulator cabinet 
1 , which is cooled by a thermal system with a compres- 
sor and in which a gas-storage container is arranged. 

The thermal insulator cabinet 1 includes a gas-tight 
container 2 filled with a continuous-spacing insulator 3. 
a gas-storage container 4 filled with a gas-absorbing 
material 5 and connected to the gas-tight container 2 
via a gas-permeable sheet 15, and a thermal system. 
The thermal system includes a compressor 7. a con- 
densation pipe 8, a capillary pipe 17, and an evaporator 
9. The evaporator 9 absorbs heat to cool down the ther- 
mal insulator cabinet 1 . Since the gas-storage container 
4 filled with the gas-absorbing material 5 is disposed 
inside the cooled cabinet 1. the gas-storage container 4 
is also cooled down, so as to enable a gas to be effi- 
ciently stored in the gas-storage container 4. This keeps 
the gas-tight container 2 in the state of reduced pres- 
sure over a long time period. 

The gas-tight container 2 is connected with the gas- 
storage container 4 via any structure that does not allow 
the thermal Insulator 3 to be charged into the gas-stor- 
age container 4 and ensures sufficient charge of the 



thermal insulator 3 into the gas-tight container 2; for 
example, a pipe, a pipe with an on-off valve, or a gas- 
permeable material. 

The thermal insulator cabinet 1 may have an arbi- 
5 trary shape other than the quadratic prism, for example, 
cylindrical, spherical, or basin-like shape. 

The following describes the method of manufactur- 
ing the thermal insulator cabinet 1 of the second 
embodiment with the drawing of Fig. 3. 
10 Before the themfial Insulator 3 is charged into the 
gas-tight container 2, the thermal insulator cabinet 1 
including the gas-tight container 2, the gas-storage con- 
tainer 4. and the thermal system as shown in Rg. 3 is 
manufactured. The thermal Insulator 3 Is charged into 
IS the gas-tight container 2 through the inlet 12 formed In 
the gas-tight container 2 with the charging gas. The inlet 
12 is then sealed and the gas-tight container 2 is evac- 
uated. 

Several techniques Including (1) and (2) discussed 
20 below are applicable to reduce the pressure of the gas; 
tight container 2. 

(1) The gas-tight container 2 is evacuated to a cer- 
tain degree of vacuum with a vacuum pump. The 

25 gas-tight container 2 is then connected to the gas- 
storage container 4, which absort}s the remaining 
gas in the gas-tight container 2 to inprove and 
maintain the state of reduced pressure. 

(2) After the process of charging the thermal insula- 
30 tor 3 into the gas-tight container 2 with the charging 

gas is completed, the gas-tight container 2 is con- 
nected to the gas-storage container 4. This causes 
the charging gas existing in the gas-tight container 
2 to be stored Into the gas-storage container 4 and 
35 makes and keeps the gas-tight container 2 in the 
state of reduced pressure. This method does not 
use a vacuum pump. 

The timings of charging the thermal insulator 3, 

<o evacuating the gas-tight container 2, and connecting the 
gas-tight container 2 with the gas-storage container 4 
are determined, for example, according to the shape of 
the thermal insulator cabinet, the type of the thermal 
insulator 3, and the an^angement of the thermal system. 

45 The gas-storage container 4 functions to make the gas- 
tight container 2 in the state of reduced pressure and to 
maintain the state of reduced pressure. The difference 
between the techniques (1) and (2) discussed atx>ve is 
whether the first role of the gas-storage container 4 

so (making the state of reduced pressure) Is predominant 
or auxiliary. Although the thermal Insulator is charged 
into the gas-tight container previously manufactured in 
this embodiment, charging the thermal insulator may be 
carried out simultaneously with the manufacture of the 

55 gas-tight container. 

Activation of the thermal system improves the state 
of reduced pressure and accelerates the storage of the 
gas into the gas-storage container 4. 
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This manufacturing method gives the thermal insu- 
lator cabinet of excellent vacuum insulating ability Inte- 
grated with the container. 

When the vacuum pump is used for evacuation 
after the charging process of the themnal Insulator, the 
amount of the gas-absorbing material charged in the 
gas-storage container should correspond to the amount 
of the remaining air and the newly evolved gas compo- 
nents in the gas-tight container. When the gas-storage 
container functions to store the charging gas as well as 
the other gases and make the gas-tight container in the 
state of reduced pressure, on the other hand, the 
amount of the gas-absorbing material should corre- 
spond to the sum of the amount of the charging gas and 
the amount of the remaining air and the newly evolved 
gas components in the gas-tight container. Both the 
structures effectively keep the state of reduced pressure 
without using a vacuum pump for that purpose. This 
method provides a high-performance and energy-sav- 
ing thermal insulator cabinet having the high reliability of 
thermal insulating ability. 

The following describes the materials fa the com- 
ponents of the thermal insulator cabinet of the present 
invention. 

Examples of the material used for the gas-tight con- 
tainer include metal materials, such as steel, copper, 
aluminum, and stainless steel, and inorganic materials, 
such as glass and ceramics, which are processed to 
keep the state of reduced pressure. Available organic 
materials which have the high gas-barrier property 
include fluorocartx)n resins such as Teflon, vinyl alcohol 
resins such as ethylene- vinyl alcohol copolymer, acryto- 
nitrile resins such as polyacrylonitrile, vinylidene chlo- 
ride resins, polyamide resins such as nylon, and 
polyester resins such as polyethylene terephthalate. 
These resins may be used alone or in the laminate form. 
These resins may be covered with a metal layer, a sili- 
con oxide layer, or an aluminum oxide layer, for exam- 
ple, through vapor deposition, for the purpose of 
enhancing the gas bamer property. These materials 
may be combined to construct the container of the high 
degree of gas tightness. 

Since the gas-tight container is filled with the ther- 
mal insulators and is not required to have the compres- 
sion strength against the state of reduced pressure by 
itself, the wall of the container may be relatively thin. 
The required strength of the container is not less than 1 
kg weight per unit area in the course of charging the 
thermal insulators. This decreases the weight and 
inrproves the durability and cost performance. The 
required thickness of the container depends upon the 
type of the thermal insulators charged therein, but may 
be not greater than 1 mm. Even the thickness of approx- 
imately 100 \jjx\ may be sufficient. The structure of the 
gas-tight container is processed to have sufficient gas 
tightness. 

The thermal insulators charged In the gas-tight con- 
tainer may be powder, fibers, foamed bodies, porous 



bodies, or any other known substances. Although the 
thermal insulators may have a closed-cell structure, the 
continuous-spacing structure is favorak)le because its 
smaller pressure loss of the gas implements the evacu- 
5 ation from and the gas storage in the gas-tight container 
filled with the thermal insulators witiiin a short time 
period. 

It is preferable that tiie mean gap distance of tiie 
continuous-spacing insulator in the charged state is not 

10 greater tiian the mean free path of tiie charging gas at 
20 °C and 1/100 atmospheric pressure. The thermal 
conduction by the gas is sufficiently small in the gap dis- 
tance of tills range. The favorable thermal insulating 
perfbrmance can be obtained even when the gas-tight 

IS container is not in tiie state of high degree of vacuum, 
for example, even at tiie degree of vacuum of approxi- 
mately 1/100 atmospheric pressure. When the air, nitro- 
gen, oxygen. caitx}n dioxide, and steam are used as tiie 
charging gas, It is suitable tiiat the mean gap distance of 

20 the continuous-spacing core is respectively not greater 
than 6.42 pm. 6.42 (im. 6.81 ^m. 4.24 ^m. and 4.24 ^m. 
The continuous-spacing core is composed of the mate- 
rial having tiie mean gap distance of the above range. 
The available materials of the continuous-spacing 

25 Insulator are classified into three groups. The first group 
includes inorganic powders such as silica, pearlite, and 
alumina, resin powders such as poly(vinyl alcohol) and 
polyuretiiane. and fine porous bodies such as aerogels 
and xerogels. which are especially preferable. The sec- 

30 ond group includes inorganic and organic fibers. The 
third group includes injection foamed objects of open- 
cell or semi-open-cell structure such as polyurethane 
foam and polycarixxliimide foam, and expanded parti- 
cle objects of open-cell or semi-open-cell structure such 

35 as polystyrene foam or vinylnlene chlorkle resin foam. 
/\ny material that can be charged into the gas-tight con- 
tainer to form the continuous-spacing structure may. 
however, be applicable. 

The air components are generally used as the 

40 charging gas for charging the thermal insulators into the 
gas-tight container, although other gases that are more 
readily stored may also be applicable. The air in the 
gas-tight container may be substituted by another gas 
before tiie charging process, or only a specific charging 

45 gas may be used for ttie charging process. Available 
charging gases, tiiough not being restricted, include air 
components such as cait>on dioxide, steam, oxygen, 
and nitrogen, fluorocartx)n compounds, lower alcohols 
such as mettianol and ethanol, hydrocart>ons such as 

50 cyclopentane and butane, and inorganic gases such as 
sulfur'hexafluoride. Any compound in the gas state at 
ordinary temperature and ordinary pressure or low boil- 
ing-point compound having the high vapor pressure 
may be used as the charging gas. These gases may be 

55 used alone or In combination. The preferable charging 
gas is those readily diffused, relatively easily adsorbed, 
and relatively reactive. Cartx}n dioxide, steam, and oxy- 
gen are thus suitable. The charging gas may be pro- 
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duced through a chemical reaction in the gas-t'ght 
container to charge the continuous-spacing cores 
therein, or may physically act to charge the continuous- 
spacing cores in the container. The charging gas. for 
example, may be in the gas state, the liquefied state, or 
the supercritical fluid state. The appropriate state of the 
charging gas is selected according to the type of the 
continuous-spacing cores. 

The thermal Insulators charged in the gas-tight con- 
tainer are not required to have the continuous-spacing 
structure when the charging gas is any one of such 
gases readily diffusing in the solid. The continuous- 
spacing insulators are, however, preferable because of 
the higher speed of gas storage. 

The material of the gas-storage container may be 
identical with that of the gas-tight container. Heating, 
evacuating, or another process may be required to 
remove the gas from the gas-storage container, before 
the gas-storage container filled with the gas-absorbing 
material is attached to the thermal Insulator cabinet. 
Metal is accordingly the preferable material for the gas- 
storage container. The gas-storage container is readily 
detached from the thermal insulator cabinet, when the 
thermal insulator cabinet is not in service. The gas- 
absoit)ing material in the gas-storage container can be 
recycled and reused. Namely the gas-storage container 
of the present invention has the environment-conscious 
structure. 

The gas-absorbing material charged in the gas- 
storage container may be a mixed absorbent for absorb- 
ing the charging gas in the gas-tight container, the 
remaining gas components, and newly evolved gases. 
The remaining gas components are generally the air 
components. It is accordingly preferable that the mixture 
includes absorbents of the air components, that is, nitro- 
gen, oxygen, carbon dioxide, steam, and argon. The 
newly evolved gazes include the adsorbed gas compo- 
nents existing in the inner wall of the gas-tight container 
and the thermal insulators as well as the gas compo- 
nents produced from the thermal insulators. The 
adsorbed gas conponents are generally the air compo- 
nents, and the produced gas components are generally 
carbon dioxide, steam, and organic compound gases. 

Known physical and chemical gas absorbents can 
be used as the gas-absorbing material. 

Typical examples of the physical carbon dioxide- 
absorbent include molecular sieves, zeolite, and active 
carbon, whereas the chemical cartxsn dioxide-fixing 
agent may be an inorganic metal compound or an 
organic compound. The inorganic metal compound is 
those reacting with carbon dioxide to produce metal car- 
bonates or metal hydrogencartx)nates. Typical exam- 
ples include metal hydroxides such as soda ash. 
sodium hydroxide, potassium hydroxide, calcium 
hydroxkfe, barium hydroxide, and magnesium hydrox- 
ide, metal oxides such as calcium oxide and magne- 
sium oxide, and metal cart^onates such as potassium 
carbonate and sodium carbonate. These compounds 



often require water for the reaction or produce water 
through the reaction, and are thus favorably combined 
with a water absorbent. 

The organic compounds used as the cartxxi diax- 
5 ide-f ixing agent include ethanol amine confipounds and 
solid substances with free amino groups carried ther- 
eon. The addition reaction to epoxy conpounds is also 
applicable because of the high reaction yield. Conaete 
examples include monofunctional or polyfunctional 
10 epoxy compounds such as epoxyethane. 1 ,2-epoxypro- 
pane, 1.2-epoxybutane. 2.3-epoxybutane, 1.2-epoxy- 
hexane, 1 .2-epoxyoctane, 3,4-epQxy-1 -propene. 
styrene oxide, cyclohexene oxide, glycidyl phenyl, and 
pert luoropropylene oxide; gtyddyl esters such as glyci- 
is dyl acetate, glycidyl propionate, and diglycidyt adipate; 
glycidyl ethers such as phenyl glycidyl ether, trimethyls- 
ilyl glycidyl ether, resorcinol diglyddyl ether, and aryl 
gtyddyl ether; and other general-purpose epoxy com- 
pounds. 

20 The presence of a reaction catalyst, such as an 
organic zinc compound, a magnesium catalyst, or an 
onium salt, enables the epoxy oontpound to absorb car- 
bon dioxide at a higher reaction selectivity. 

Concrete examples of the reaction catalyst include 

25 one-to-one (molar ratio) compounds of dialkylzinc or 
dialkylmagnesium and a divalent active hydrogen com- 
pound such as water, a primary amine, a divalent phe- 
nol, an aromatic dicartxsxylic acid, or an aromatic 
hydroxycarboxylic acid; combinations of organozinc cat- 

30 alysts and Inorganic catalysts such as diethylzincAralu- 
mina, zinc carbonate, zinc acetate, cobalt acetate, zinc 
chloride/letrabutylammonium bromide; aluminum com- 
pound catalysts such as triethylaluminum/Lewis base 
catalysts, diethylaluminum diethylamide, a, f), r, 6-tetra- 

35 phenylporphinatoaluminum methoxide: and onium salt 
catalysts such as ammonium halides and phosphonium 
halides. 

Other available examples of the cartx)n dioxide-fix- 
ing organic compound indude cyclic imines such as 

40 propylene imine; four-member ring ethers such as oxe- 
tane; formaldehyde; three-member ring amines such as 
methyl aziridine; conjugated dienes such as butadiene 
and isoprene; propylene sulfide, ethylene phenylphos- 
phite; mixtures of a phosphite and an aromatic primary 

45 amine or an aromatic diamine; and mixtures of a crown 
ether, an alkyl dihalide. and a metal dialkoxide. 

Zeolite, molecular sieves, calcium chloride, calcium 
oxide, calcium sulfide, magnesium sulfate anhydride, 
water-absorbing polymers, and other generally known 

so water absorbents of hygroscopic or water-absorbing 
properties may be used as the water-ab8ort>ing mate- 
rial. 

Iron deoxidation agents such as iron powder arxi 
iron(ll) sulfate anhydride, titanium deoxidation agents. 
55 magnesium deoxidation agents, and salcomine cobalt 
complexes may be used as the oxygen absorbent. 

Available examples of the nitrogen absorbent 
include lithium, barium, titanium, zirconium alloys, and 
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lithium-barium alloys, which are generally used as the 
getter. 

Palladium fine powder may be used as the hydro- 
gen absorbent. 

Molecular sieves can be used for absorbing rare 
gases, such as argon. 

Active carbon, molecular sieves, zeolite, silica, and 
alumina may be used for absorbing the organic gas 
components. 

The absorbing material is not restricted to the 
above examples. Since some of the above absorbents 
have the absorption ability for a plurality of gas compo- 
nents, the appropriate absorbing material is determined 
by taking into account the charging gas and other 
parameters. For example, physical absork)ent8, such as 
molecular sieves, zeolite, and active carbon, can adsorb 
all the gas components. The absorption capacity of 
these physical absorbents is enhanced by cooling the 
absorbents through a heat exchange with the thermal 
system. The absorption capacity of chemical absort}- 
ents for oxygen, carbon dioxide, water, and nitrogen is 
enhanced, on the other hand, by heating the absorbents 
through a heat exchange with the thermal system. 

Mixed use of the physical absorbents and the 
chemical absorbents is also sufficiently effective. For 
example, a mixture prepared by carrying a chemical 
absorbent on a physical absorbent enables the gas 
once physically adsoitDed to be further subjected to the 
chemical reaction. Because of the characteristic of the 
equilibrium state between the adsorption and desorp- 
tlon of gases, the combined use accelerates the adsorp- 
tion. In this case, even a simple mixture exerts the 
sufficient effects. 

The activation process after charging the gas- 
absorbing material into the gas^torage container fur- 
ther enhances the effects. 

Since cells and minute spaces between powders 
exist in the gas-tight container, the state of reduced 
pressure kept through the gas storage process does not 
require such a high degree of vacuum as equal to or 
less than 10'^ torr for the high thermal Insulating per- 
formance, unlike the vacuum insulation without any 
such spaces. Although the required degree of vacuum 
depends upon the structure of the thermal insulators, 
the range of relatively low to medium degrees of vac- 
uum, for example, several to 10'^ ton*, is sufficient for the 
excellent thermal insulating performance. The gas stor- 
age process maintains this range of vacuum over a long 
time period, which results in the high reliability. 

The connection of the gas-tight container with the 
gas-storage container may be realized by piping, a par- 
tition, or a gas-permeable material. When piping Is 
applied for the connection, a conventional on-off valve 
may be disposed in the piping. The on-off valve is used 
to realize the required state of reduced pressure after 
the thermal insulators are suffidentiy charged into the 
gas-tight container. The on-off valve Is opened after 
completion of the charging and forming process, so tiiat 
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the evacuation process can be separate from the charg- 
ing and forming process in the time line. When the gas- 
permeable material is applied for the connection, a con- 
ventional polymer sheet or non-woven fabric may be 
5 used as the gas-permeable material. The polymer 
sheet applied herein does not have the high gas-barrier 
property but has a relatively low density and high gas 
permeability; for example, polyester, polystyrene, and 
pdyolefins. 

10 Rg. 2 illustrates Internal structure of a preferable 
gas-storage container 21 using zeolite as the cartx)n 
dioxide-fixing agent. Nitrogen is an inert gas. A lithium- 
barium alloy functioning as a nitrogen absorbent 26 is 
active to the other gas components and Is thereby 

15 placed in the innermost recess of tiie container. An oxy- 
gen absorbent 25 and a cartx>n dioxide-fixing agent 24 
are successively charged after the nitrogen at>soibent 
26. Since zeolite functioning as the cartx>n dioxide-fix- 
ing agent 24 towers Its absorption ability of carbon diox- 

20 Ide in the presence of water, a water absort^ent 23, such 
as calcium chtoride. Is charged after the cart)on dioxide- 
fixing agent 24 in order to remove the water content 
prior to fixation of cartx)n dioxide. Active cart)on func- 
tioning as an adsoit>ent 22 of organic gas components 

2S is charged near the Inlet of the container, In order to pre- 
vent the other gas-absorbing materials from being inac- 
tivated by the organic gas components. In case that a 
metal hydroxide, such as calcium hydroxide, is used as 
tiie carbon dioxide-fixing agent 24, however, since water 

30 Is produced as a by-product of the reaction, the cart)on 
dioxide-fixing agent 24 should be mixed with the water 
absorbent 23. Namely tiie internal structure of the con- 
tainer depends upon the gas-absorbing materials 
selected. The gas^orage container 21 is provided witii 

35 an inlet 27, which connects with the gas-tight container. 
IhB following describes a process of manufacturing 
the thermal insulator cabinet of the present invention. 

In a preferred embodiment, the gas-tight container 
and the gas-storage container are prepared and con- 

40 nected to each other in advance. The charging process 
of tiie continuous-spacing cores Into the gas-tight con- 
tainer depends upon the material and structure of the 
continuous-spacing cores. The inlet is sealed after the 
sufficient charge of ttie oontinuous-spadng cores into 

45 the gas-tight container. In case that the charging gas 
only functions to charge the continuous-spacing cores, 
such as powder, Into the gas-tight container, the flow of 
the charging gas or tfie liquefied charging gas may be 
utilized fa the charging process. The charging gas 

50 should also work as the blowing gas when the expand- 
able material is charged into the gas-tight container. 

After or during the charging and fornfiing process, 
the gas storage process starts. When ttie gas-permea- 
ble sheet is applied for the connection, ttie gas storage 

55 starts in tiie course of the charging and forming proc- 
ess. The evacuation, however, starts after completion of 
the charging and forming process. This ensures suffi- 
cient formation. When an on-off valve is disposed in the 
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piping, the on-off valve is opened after completion of the 
charging and forming process, so that the evacuation 
process can be separate from the charging and forming 
process in the time Una The thermal insulators exert the 
sufficient effects after the evacuation of the gas-tight 
container through the gas storage process has been 
completed. 

Concrete exanples of the present invention are 
given below. 

Example 1 

As shown in Fig. 1, a stainless steel gas-storage 
container 4 was connected to a gas-tight container 2 of 
stainless steel plate having a thickness of 0.5 mm via a 
stainless steel pipe 18 with a valve 6. The gas-storage 
container 4 was filled with gas-absorbing materials 
including an absorbent of the charging gas or cartx)n 
dioxide as shown in Fig. 2. 

An urethane material including a poiyol, an ure- 
thane catalyst, a foam stabilizer, an antifoamer. water, 
and an isocyanate was injected through an inlet 12 into 
the gas-tight container 2. and carbon dioxide produced 
through the reaction of the isocyanate with water was 
utilized for the foam molding process. The water-blown 
urethane foam was hard and had an open-cell structure 
being completely continuous by the addition of the anti- 
foamer and filled with cartx}n dioxide. The gas-tight con- 
tainer 2 with the urethane foam therein was cured at 
approximately 40 ''C. This process completely cured the 
urethane foam to urethane foam resin and completed 
the continuous-spacing cores having the foam strength 
per unit area of not lower than 1 kg weight. The valve 6 
was then opened to cause carbon dioxide existing in the 
cells to be absorbed and stored in the gas-storage con- 
tainer 4. This made the gas-tight container 2 in the state 
of reduced pressure. 

The degree of vacuum measured with a vacuum 
gauge attached to the valve 6 was approximately 0.1 
ton*. This proved production of a vacuum insulator cabi- 
net of excellent themial insulating ability. 

The thermal insulating ability of the resulting ther- 
mal insulator cabinet 1 was approximately twice as high 
as the thermal insulating ability of the cabinet 1 filled 
with cart>on dioxide prior to the gas storage process. 
The sufficient thermal insulating ability was maintained 
over a long time period. 

Example 2 

In a thermal insulator cabinet shown in Fig. 1, a 
gas-tight container included an outer box of iron plate 
and an inner box of ABS (acrylonitrilerbutadiene-sty- 
rene) resin-aiuminum laminate structure. An iron gas- 
storage container was connected to the gas-tight con- 
tainer via an iron pipe with a valve. An epoxy compound, 
a catalyst fbr the addition reaction of cartx>n dioxide with 
the epoxy compound, and calcium hydroxide were filled 



with the gas-storage container as the absorbing materi- 
als of the charging gas or cartx)n dioxide. Calcium chlo- 
ride was added to the gas-absorbing materials to trap 
water produced through the reaction of calcium hydrox- 
5 ide with carbon dioxide. 

Pearlite powder stored in the atmosphere of cartx)n 
dioxide was charged into the gas-tight container 
through the inlet under pressure. The valve was then 
opened to cause cartx>n dioxkJe existing in the cells to 

10 be absorbed and stored in the gas-storage container. 
This made the gas-tight container in the state of 
reduced pressure. The degree of vacuum measured 
with a vacuum gauge attached to the valve was approx- 
imately 1 torr. This proved production of a vacuum insu- 

15 lator cabinet of excellent thermal insulating ability 

The thermal insulating ability of the resulting ther- 
mal insulator cabinet was approximately 1.8 times as 
high as the thermal insulating ability of the cabinet filled 
with cart)on dioxide prior to the gas storage process. 

20 

Example 3 

A thermal insulator cabinet for tiie thermal insulat- 
ing purpose included a stainless steel cylindrical gas- 

25 tight container. A stainless steel gas-storage container 
was connected to the stainless steel gas-tight container 
via a stainless steel pipe with a valve. Zeolite as the 
absorbing material of the charging gas or carbon diox- 
ide, a lithium-barium alloy as the absorbing material of 

30 the air components, and active cartx>n as tiie adsorbent 
of the water content and organic gases were filled with 
the gas-storage container. 

Polyetiiylene terephthalate particles impregnated 
with cariDon dioxide as a blowing agent were charged 

35 with carbon dioxkJe into the gas-tight container through 
the inlet The container was heated to the temperature 
of above ISCC to expand the polyethylene terephtha- 
late particles. The amount of the expandable particles 
was less than the quantity causing the container to be 

40 completely fOled with tiie expanded object, and the 
expanded object had the continuous-spacing structure. 
After the charging process, the valve was opened to 
cause carbon dioxkie existing in the cells to be 
absorbed and stored in tiie gas-storage container. This 

45 made the gas-tight container in tiie state of reduced 
pressure. The degree of vacuum measured witii a vac- 
uum gauge attached to the valve was approximately 1 
torr. This proved production of a vacuum insulator cabi- 
net of excellent thermal insulating ability. 

so The thermal insulating ability of the resulting ther- 
mal insulator cabinet was approximately twice as high 
as the thermal insulating ability of the cabinet filled with 
cartx)n dioxide prior to the gas storage process. The 
sufficient tiiermal insulating ability was maintained over 

55 a long time period. 
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Comparative Example 1 

The gas-tight container of Example 1. which was 
not filled with the continuous-spacing cores, was 
directly evacuated with a vacuum pump. The container 5 
was compressed and crushed. 

After the container was reinforced, the resulting 
cabinet was further evacuated for one hour with a vac- 
uum pump to 0.01 torr. The degree of vacuum did not 
reach the level of 10'^ torr that ensured sufficient vac- io 
uum insulation. The cabinet accordingly did not have 
sufficient thermal insulating performance. 

Comparative Exanple 2 

75 

Water-blown open-cell hard urethane foam was 
charged into the gas-tight container of Example 1. The 
gas-tight container was directly evacuated with a vac- 
uum pump to 0.01 torr. This structure improved the ther- 
mal insulating performance. The degree of vacuum, 2o 
however, increased after one weeK and it was required 
to re-evacuate the container with a vacuum pump. This 
structure accordingly had the low long-term reliability. 

Example 4 25 

A thermal insulator cabinet having the structure 
shown in Fig. 3 was manufactured. A gas-tight container 
2 was composed of stainless steel plate having a thick- 
ness of 0.5 mm. A stainless steel gas-storage container 30 
4 was connected to the gas-tight container 2 via a stain- 
less steel pipe 1 8 with a valve 6. A gas-absorbing mate- 
rial 5 including molecular sieves, active carbon, and 
calcium chloride were filled witii the gas-storage con- 
tainer 4. The gas-storage container was exposed to the 35 
piping from an evaporator of a thermal system for heat 
exchange and cooled to be lower than the room temper- 
ature. 

Pearlite powder was injected into the gas-tight con- 
tainer 2 through an inlet 12 to form continuous-spacing 40 
insulators 3. After the inlet 12 of the container 2 was 
sealed, the valve 6 was opened, and the gas-storage 
container 4 worked to make the gas-tight container 2 in 
the state of reduced pressure. The degree of vacuum 
measured with a vacuum gauge attached to the valve 45 
was approximately 1 ton-. This proved production of a 
vacuum insulator cabinet of excellent thermal insulating 
ability. Activation of the thermal system cooled down the 
gas-storage container 4 through the heat exchange. 
This enhanced the efficiency of gas absorption and so 
improved and maintained the degree of vacuum to 0.5 
torr. 

The tiiermal insulating ability of the resulting ther- 
mal insulator cabinet was approximately twice as high 
as tiie thermal insulating ability of the cabinet without ss 
evacuation. The sufficient thermal insulating ability was 
maintained over a long time period. 



Example 5 

A thermal insulator cabinet having the structure 
shown in Fig. 4 was manufactured. A gas-tight container 
2 Included an outer box of iron plate and an inner box of 
ABS (acryionifile-butadiene-styrene) resin-aluminum 
laminate structure. An iron gas-storage container 4 was 
connected to the gas-tight container 2 via an iron pipe 
18 with a valve 6. A cartXMi dioxide-fixing agent includ- 
ing an epoxy compound, a catalyst for the addition reac- 
tion of carbon dioxide with the epoxy conpound, and 
calcium hydroxide for chemically absorbing cartx}n diox- 
ide, calcium chloride for trapping water produced 
through the reaction of calcium hydroxide with cartx)n 
dioxide, and active cart)on for physically adsorbing the 
remaining organic compound gases were filled with the 
gas-storage container 4. The gas-storage container 4 
was exposed to tiie piping from the outlet of the com- 
pressor 7 of tiie thermal system and heated to be higher 
than the room temperature. 

An urethane material including a polyol. an ure- 
tiiane catalyst, a foam stabilizer, an antifoamer, water, 
and an isocyanate was injected through an inlet 12 into 
tiie gas-tight container 2. and carton dioxide produced 
through the reaction of the isocyanate with water was 
utilized for tiie foam molding process. The water-blown 
urethane foam was hard and had an open-cell structure 
being completely continuous by the addition of the anti- 
foamer and filled with carbon dioxide. The gas-tight con- 
tainer 2 with tiie urethane foam therein was cured at 
approximately 40 ^C. This process completely cured the 
urethane foam to urethane foam resin and completed 
the continuous-spacing cores having the foam strength 
per unit area of not lower tiian 1 kg weight. The valve 6 
was tiien opened to cause carbon diaxkie existing in the 
cells to be absorbed and stored in the gas-storage con- 
tainer 4. This made the gas-tight container 2 in the state 
of reduced pressure. Activation of ttie tiiermal system 
further improved the degree of vacuum. The degree of 
vacuum measured with a vacuum gauge attached to tiie 
valve 6 was not greater than approximately 0.1 tonr. This 
proved production of a vacuum insulator cabinet of 
excellent tiiermal insulating ability. 

The thermal insulating ability of the resulting ther- 
mal insulator cabinet was approximately 1.8 times as 
high as the thermal insulating ability of the cabinet filled 
with cart)on dioxide prior to ttie gas storage process. 

Example 6 

A thermal insulator cabinet having tiie structure 
shown in Fig. 5 was manufactured. A gas-tight container 
2 for the refrigerating purpose was composed of stain- 
less steel plate having a thickness of 0.5 mm, and a 
thermoelectric transducer of Pelloutier effect was 
attached to the gas-tight container 2 in such a manner 
that a heat absorbing section 13 faced to the inside of 
ttie container 2. The gas-tight container 2 was con- 
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nected to a stainless steel gas-storage container 4 via a 
gas-permeable sheet 15, The gas-storage container 4 
was filled with zeolite and a gas-absortsing material pri- 
marily composed of zeolite with sodium hydroxide car- 
ried thereon. The gas-storage container 4 was exposed 
to the heat absorbing section 13 of the thermoelectric 
transducer and cooled to be lower than the room tem- 
perature in the gas-tight container 2. 

Ground powder of urethane foam was injected with 
carbon dioxide into the gas-tight container 2 via an Inlet 
12 to form the continuous-spacing insulators 3. After the 
gas-tight container 2 was evacuated with a vacuum 
pump, the container 2 was sealed in the state of 
reduced pressure. The gas-storage container 4 kept the 
gas-tight container 2 in the state of reduced pressure. 
The thermal insulating ability of the resulting thermal 
insulator cabinet was approximately twice as high as the 
thermal insulating ability of the cabinet without evacua- 
tion. While the thermal insulating ability was lowered in 
a few days in the structure without the gas-storage con- 
tainer, the structure of Example 6 ensured the thermal 
insulating ability over a long time period. 

Example 7 

A thermal insulator cabinet having the structure 
shown in Fig. 6 was manufactured from the same mate- 
rials as those of Example 6. The gas-storage container 
4 was subjected to a heat exchange with the heat 
. absorbing section 13 of the thernfK>electric transducer. 
This structure also ensured the high vacuum insulation 
performance and the thermal insulating ability over a 
long time period. 

Example 8 

A thermal insulator cabinet having the structure 
shown in Fig. 7 was manufactured. A gas-tight container 
2 of stainless steel plate having a thickness of 0.3 mm 
was connected to a stainless steel gas-storage con- 
tainer 4 via a non-woven fabric 15. The gas-storage 
container 4 was filled with a gas-absorbing material 
including molecular sieves, active carbon, and calcium 
chloride. The gas-storage container 4 was cooled by the 
evaporator 9 of the thermal system in the thermal insu- 
lator cabinet. 

Porous aerogel powder was charged with carbon 
dioxide into the gas-tight container 2 via an Inlet 12 to 
form the continuous-spacing insulators 3. After the inlet 
12 of the gas-tight container 2 was sealed, the gas-tight 
container 2 was made in the state of reduced pressure 
through absorption of carbon dioxide. The degree of 
vacuum measured with a vacuum gauge attached to the 
valve was approximately 1 ton'. This proved production 
of a vacuum insulator cabinet of excellent thermal insu- 
lating ability. Activation of the thermal system started 
heat exchange with the gas-storage container 4 and 
improved the adsorption efficiency through the cooling 



process. This improved and maintained the degree of 
vacuum to approximately 0.5 ton*. 

The thermal insulating ability of the resulting ther- 
mal insulator cabinet was approximately twice as high 

5 as the thermal insulating ability of the cabinet without 
evacuation. The sufficient thermal insulating ability was 
maintained over a long time period. 

Although the present invention has been described 
in terms of the presently preferred enrtbodiments. it is to 

10 be understood that such disclosure Is not to be inter- 
preted as limiting. Various alterations and modifications 
will no doubt become apparent to those skilled in the art 
to which the present invention pertains, after having 
read the above disclosure. Accordingly, It Is Intended 

IS that the appended claims be interpreted as covering all 
alterations and modifications as fall within the true spirit 
and scope of the invention. 

Claims 

20 

1 . A thermal insulator cabinet comprising 

a gas-tight container that is filled with a charg- 
ing gas and 

25 a continuous-spacing core and a gas-storage 

container that communicates with said gas- 
tight container and is filled with an absorbent 
for absorbing at least said charging gas, 

wherein said gas-storage container 

30 absort)s said charging gas to make inside of 

said gas-tight container in a state of reduced 
pressure. 

2. The thermal insulator cabinet in accordance with 
35 daim 1 , said thermal insulator cabinet further com- 
prising a thermal system for can-ying out a heat 
exchange with said gas-tight container. 

3. The thermal insulator cabinet in accordance with 
40 daim 1 or 2, wherein saki gas-storage container Is 

disposed outside said thermal insulator cabinet. 

4. The thermal insulator cabinet in accordance with 
daim 1 or 2, wherein said gas-tight container com- 

45 municates with said gas-storage container by an 
on-off valve or a gas-permeable material. 

5. The thermal insulator cabinet in accordance with 
daim 1 or 2, wherein a mean'gap distance of said 

50 oontinuous-spadng core is not greater than a mean 
free path of said charging gas at 20 **C and 1/100 
atmospheric pressure. 

6. The thermal insulator cabinet in accordance with 
55 daim 2. wherein said absorbent is a physical 

absorbent and said gas-storage container is con- 
structed to carry out a heat exchange with a heat- 
absorbing portion of said thermal system. 
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7. The thermal insulator cabinet in acoordance with 
claim 2, wherein said absorbent is a chemical 
absorbent and said gas-storage container is con- 
structed to carry out a heat exchange with a heat- 
discharging portion of said thermal system. 5 

8. The thermal insulator cabinet in accordance with 
claim 2, wherein said gas-storage container is dis- 
posed inside said thermal insulator cabinet, which 

is subjected to a heat exchange with said thermal 10 
system, said gas-storage container being subjected 
to an indirect heat exchange with said thermal sys- 
tem. 

9. The thermal insulator cabinet in accordance with 75 
claim 2. wherein said thermal system Is at least one 

of a cooling system with a compressor and a cool- 
ing system by a thermoelectric transducer. 

1 0. A method of manufacturing a thermal insulator cab- 20 
inet, said method comprising the steps of: 

charging a continuous-spacing core into a gas- 
tight container with a charging gas; and 
introducing said charging gas into a gas-stor- 25 
age container, which is arranged to communi- 
cate with said gas-tight container, and causing 
said charging gas to be absort)ed by an 
absorbent in said gas-storage container, 
thereby making said gas-tight container In a 30 
state of reduced pressure. 

11. The method in accordance with claim 10. wherein 
said thermal insulator cabinet comprises a thermal 
system for can'ying out a heat exchange with said 35 
gas-tight container. 

12. The method In accordance with claim 10, wherein 
said step of charging said continuous-spacing core 
comprises the steps of: injecting an urethane mate- 4o 
rial that comprises at least a polyol, water, and an 
Isocyanate into said gas-tight container; and charg- 
ing a water-blown open-cell urethane resin into said 
gas-tight container with carbon dioxide produced 
through a reaction of said urethane material, and 4s 
wherein said gas storage step comprising the step 

of causing carbon dioxide to be absorbed by said 
absorbent in sard gas-storage container. 

13. The method in accordance with claim 10. wherein so 
said step of charging said continuous-spacing core 
comprises the step of enclosing a powdery material 
into said gas-tight container with said charging gas. 

14. The method in accordance with claim 10. wherein ss 
said gas-tight container communicates with said 
gas-storage container by an on-off valve. 
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FIG. 1 
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FIG. 2 
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FIG. 4 
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FIG. 7 
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